The dynamic precision of linear guideway is very important performance for mechatronic equipments. The dynamic errors for the linear guideway of machine tools can reduce machining precision. In according with the advantage of high-speed response, high detection accuracy and non-contact measurement, position sensitive detector (PSD) is widely used in industrial dynamic measurement. In this paper an approach for measuring the motion stability based on PSD is proposed. The measurement system based on PSD is designed and the measurement errors are analyzed. The measurement results show the approach can measure accurately the motion stability of guideway in two dimensions with features of high precision.
Introduction
The dynamic precision of linear guideway is very important performance for mechatronic equipments, machine tools in particular. The dynamic errors for the linear guideway of machine tools can reduce machining precision [1] . Therefore tracking testing of dynamic errors for linear guideway plays an important role in analyzing and improving performance of machine tools, and the studying can provide theoretical basis of keeping precision.
The traditional measuring method can only measure one direction of position offset, and has poor precision usually. Position Sensitive Detector (PSD) is widely used in vibration measurements and precision displacement measurements due to its high-speed response, high position resolution and noncontact [2, 3] , and it plays more and more important role in dynamic measurements and vibration measurements. An approach for measuring the dynamic errors of linear guideway in two dimensions based on PSD is proposed in this paper.
Measuring principle and system structure
The dynamic errors of the linear guideway has two directions of level and vertical, and the approach based on PSD in this paper can measure the two directions simultaneity of dynamic errors. The principle of measurement system is shown in Figure 1 . The whole measurement system is composed of a linear guideway, beam splitter, target mirror, laser interferometer. Tracking device and PSD. The target mirror is fixed in a movable part of linear guideway that will be measured, and the laser interferometer emits a light to the target mirror, the reflected light of the target mirror that has the information of the dynamic position goes through the beam splitter, and the light is divided into two beams of light by the beam splitter, one goes into the laser interferometer, another goes into the PSD. The X and Y direction position of light spot of the beam of measuring light on PSD can be measured by PSD, so that we can read the accurate value of the two direction position of the target mirror on the linear guideway, and PSD sends out the position information of the target mirror to tracking device on which PSD is fixed in real time. The purpose of tracking device is to maintain the light spot on the center of PSD. The demarcation of X and Y direction position on PSD is very important for the measuring precision before measuring. The approach to demarcate PSD is that the target mirror is fixed on standard linear guideway, and measuring the position by PSD and laser interferoment, the ratio of PSD and real position is calculated by a certain arithmetic, and the error compensation that the errors that are brought by air, temperature and background light is considered in addition. 
Experiment and result analysis
The measuring experiment is done in several velocities to measure the dynamic errors, and the result of the experiment is analysed.
The four repeat experiments are done at the speed of 10mm per a second. The experimental results are shown as the following Figure 2 , and the figure shows the direction X and Y position offset of PSD. Experimental results show that the measuring system has well position repeatability.
Fig. 2. Results of repeatability experiment
The experiment of measuring motion stability is done at different speed. At first the straightness deviation of linear guideway is measured, and the measuring experiment is done in the quasi-static state, the experimental results of the direction X and Y position offset of PSD show as the following Positioning error of PSD: As the manufacturing error, it has different resistivity in the photosensitive surface of PSD, and the output of PSD has nonlinear error. Therefore the output results of PSD should be corrected in time.
Infection of background light: As broad spectral response range of PSD, the measuring results of PSD can be effected by the background. We can make use of light filter to restraining the infection of background light.
Infection of air refractive index: The light can be effected in air by air refractive index. We should calibrate the air refractive index before measuring experiment, and keep the air of experiment clean and prevent the pollution of air into the measurement range.
Environmental vibration: Environmental vibration can cause the measurement error. For restraining environmental vibration it can be considered to use of vibration isolation device in the measurement system.
Conclusion
In this paper the measurement system based on PSD is designed to measure the motion stability of two dimensions guideway. The measurement principle and approach is introduced, and measurement errors are analyzed in detail. The position error is caused by many reasons, for example straightness
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Mechatronics and Information Technology error of linear guide, positioning error of PSD, infection of background light, infection of air refractive index, and environmental vibration. If these reasons are effectively compensated, the measurement system based on PSD can measure the guideway stability in high precision.
